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proteins destined for the vacuole. Like conventional ep- Ent3 domain, does not bind PtdIns(4,5)P2. Instead, ep-
sinR binds PtdIns(4)P, PtdIns(3)P, PtdIns(3,4)P2, andsins, Ent3 carries an ENTH domain and binds clathrin,
but Ent3 differs in that it does not have a known cargo PtdIns(3,5)P2, with a marked preference for PtdIns(4)P.
(The ability of Ent3 to bind PtdIns(4)P has not beenbinding domain nor does it function at the plasma mem-
brane. Also, Ent3 and its ENTH domain bind carefully analyzed.)
PtdIns(3,5)P2 is thought to be located primarily at thePtdIns(3,5)P2 rather than PtdIns(4,5)P2. PtdIns(3,5)P2 and
the Ent3 ENTH domain are required for the association MVB and the vacuole/lysosome, suggesting that an
of Ent3 with the high-speed membrane pellet of a yeast Ent3-PtdIns(3,5)P2 interaction occurs at these locations.
cell lysate containing Golgi, endosomes, and vesicles. However, smaller pockets of PtdIns(3,5)P2 may be pres-
A point mutation in the Ent3 ENTH domain that disrupts ent on subdomains of the TGN, where MVB cargo might
this membrane association causes a defect in sorting be concentrated into specific membrane subdomains.
of MVB cargo (Friant et al., 2003). ent3 mutant cells and fab1 mutant cells defective in
These data lead to two important conclusions. First, PtdIns(3,5)P2 synthesis share only a subset of pheno-
this study demonstrates a role for an epsin-like protein types, suggesting that Ent3 and PtdIns(3,5)P2 each also
in the sorting of proteins through the MVB. Earlier stud- have tasks in addition to a common function.
ies of the conventional epsin ENTH-ligand crystal struc- PtdIns(3,5)P2 has found a partner. This advance opens
ture provided evidence that the ENTH domain inserts the gate to defining the molecular function of the Ent3-
into the lipid bilayer upon binding. In addition, conven- PtdIns(3,5)P2 relationship and its role in regulating the
tional epsins can induce tubulation of membranes in movement of proteins through a crucial sorting step in
vitro, suggesting that epsins may physically alter the membrane transport pathways.
membrane to induce curvature that facilitates vesicle
formation (Ford et al., 2002; Hurley and Wendland, 2002).
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iting MVB membrane cargo transport, ent3 mutants are
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fied epsinR/enthoprotin/CLINT, an epsin-like protein Friant, S., Pe´cheur, E.-I., Eugster, A., Michel, F., Lefkir, Y., Nourris-
son, D., and Letourneur, F. (2003). Dev. Cell 5, this issue, 499–511.that binds AP1 and GGA and is localized to the TGN
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were first found to bind PtdIns(4,5)P2; however, it is be- Raiborg, C., Rusten, T.E., and Stenmark, H. (2003). Curr. Opin. Cell
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can live for several months, and they move and behave inShaping and Stretching Life
ways specialized for dispersal (Riddle and Albert, 1997).by Autophagy Exposure to food stimulates resumption of development
to the adult. Morphogenesis of the dauer stage involves
extensive tissue remodeling of sensory organs, intes-
tine, and hypodermis (Albert and Riddle, 1983).
In a recent study published in Science, Melendez et al. Mutations that reduce insulin-like signaling result in
(2003) demonstrate that genes required for autophagy constitutive formation of dauer larvae, even in an envi-
act downstream of insulin-like signaling, and are in- ronment favoring growth. The first genetic link between
volved in the expression of major life history traits, dauer formation and adult life span was made by Kenyon
including dauer larva development and adult life span. et al. (1993), who observed that mutants with partial loss
of function of the DAF-2 insulin/IGF receptor (Kimura et
al., 1997) exhibited a doubled adult life span. TheseThe C. elegans dauer diapause stage is formed in stress-
mutant adults appear to stay younger longer.ful environments, and it is specialized for long-term sur-
vival and dispersal. Dauer larvae do not feed, yet they The molecular pathways that mediate the cellular
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changes involved in dauer formation and adult senes- of the C. elegans Beclin-1 ortholog (bec-1) to complete
cence are not well understood, but autophagy has now dauer morphogenesis argues strongly that autophagy
been implicated in both. Autophagy is a ubiquitous cellu- is used by nematodes in cellular remodeling. The dauer-
lar process responsible for the degradation of long-lived specific morphological changes are reversible, so one
proteins and the turnover of organelles. Amino acids might predict that autophagy may be required for proper
from degraded proteins are subsequently reused by the resumption of development as well, unless resumption
cell. Autophagy can be induced by a number of stimuli of growth simply involves rebuilding tissues degraded
including starvation, hypoxia, intracellular stress, hor- in the dauer. In principle, this can be tested.
mones, and other developmental signals. It is also in- Loss of bec-1 function also shortens life, particularly
volved in tissue-specific functions such as erythroid the extended life of the daf-2 insulin-signaling mutant.
maturation, and has been associated with programmed This may not be related to the use of autophagy in
cell death, aging, virulence, neural degeneration, cardio- pathways of morphogenesis, and might instead reflect
myopathy, and cancer (Klionsky and Emr, 2000; Ogier- the lack of proper mitochondrial turnover, which could
Denis and Codogno, 2003). be particularly critical in very long-lived mutants. Melen-
Autophagy occurs through a vesicle-mediated pro- dez et al. (2003) used RNAi to test the C. elegans or-
cess that has been well characterized morphologically thologs of eight yeast and mammalian apg genes, and
in yeast and in mammals. Portions of cytoplasm are found that five are required for dauer morphogenesis.
sequestered into a double-membrane structure, which
It will be interesting to know which of these genes also
then fuses to form a double-membrane vesicle known as
affects adult life span, because the use of autophagythe autophagosome. The autophagosome subsequently
pathways in the dauer and in the adult may not be identi-fuses with a lysosome (or the vacuole in yeast), where
cal, especially if they are aimed primarily at tissue re-degradation of the autophagosome and its sequestered
modeling in larvae and organelle turnover in the adult.cytoplasmic contents occurs (in Klionsky and Emr, 2000;
The work in C. elegans is relevant to vertebrate sys-Ogier-Denis and Codogno, 2003). The autophagosomes
tems in a number of ways. High levels of RNAi to severalare recognizable with immunofluorescent markers for
of the C. elegans apg orthologs, including bec-1, canthe highly conserved ubiquitin-like Apg8 protein, and by
result in lethality in wild-type C. elegans. This suggestselectron microscopy (used by Melendez et al. [2003] to
that autophagy plays a role not only under conditionsshow an example of the autophagic structures observed
of stress but is also required for normal development.in dauer larvae).
With respect to life span extension, the findings agreeThe main functions of autophagy are to provide nutri-
with the idea of Bergamini et al. (2003) that the anti-ents in response to adverse conditions and to maintain
aging effects of caloric restriction are related to thecytoplasmic homeostasis by controlling organelle turn-
stimulation of autophagy. This awaits further testing inover. The observation that autophagy is a feature of very
multiple model systems.young dauer larvae, well before they consume their fat
reserves, suggested that it is required for the tissue
remodeling that accompanies dauer formation. This was
Donald L. Riddle1 and Sharon M. Gorski2confirmed by RNAi-mediated interference directed at C.
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University of Missouri-Columbiagenes, which blocked normal dauer morphogenesis.
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2 Genome Sciences Centrehave depleted their reserves. It might be useful to look
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